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THE PATHOLOGY OF INFLAMMATORY DISEASES OF THE
LABYRINTH.*

}\Y DR. MAX GOKKE (Breslau).

(Abstract -translation by DAN -MCKENZIE.)

INFECTIVE labyrinthitis is, of course, generally secondary either
to meningitis or to otitis media. It is true that cases of primary
labyrinthitis have been reported, but it is probable that such cases
are more apparent than real, and that they are due to abortive
forms of meningitis passing on to infect the labyrinth by way of
the aqiueductus cochlea?, the communication between the subarach-
noid spaces and the perilymphatic system of the labyrinth. Even
the deafness of epidemic mumps has been referred to such a
transitory attack of eerebr.>-spinal meningitis (Brieger).

Causal Disease.—Apart from epidemic cerebro-spiual meningitis,
the labyrinth is seldom attacked from the cranial side; most cases
of infective labyrinthitis are secondary to middle-ear suppuration.

With regard to the question whether acute or chronic middle-
ear suppuration is the more dangerous to the labyrinth, the
author's investigations have shown that, if we include tuber-
culosis and cholesteatomatous disease, the chronic is the more
frequent precursor of labyrinth infection. For of all the varieties
of middle-ear suppuration, tuberculosis is the most common cause
of labyrinthitis, while cholesteatoma comes next. It should be
noted that both these varieties lead to septic infection of the laby-
rinth. In the simple septic types of suppuration of the middle-ear
spaces the infection of the labyrinth generally takes place during
an acute exacerbation of the tympanic disease, and this is not
infrequently excited by trauinatism, such as the removal of polypi,
curetting, etc. Notwithstanding the greater tendency of chronic
middle-ear disease to attack the labyrinth, there is also, neverthe-
less, considerable danger of this complication arising in acute
suppuration, especially in that form which accompanies scarlet
fever.

Routes of Infection.—The labyrinth stands in more direct con-
tinuity with the meninges than with the middle ear, consequently
meningitis is more prone to lead to labyrinthitis than is disease in
the middle ear, the respective percentages being from 15 to 50 of the
former and 1 of the latter.

1 From Archivfiir Ohrenheilkunde, Bd. lxxx, Heft. 1 und 2, p. 1.
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In the ineningeal variety, occurring1 in epidemic cerebro-spinal
meningitis as a rule, the infection of the labyrinth spaces takes
place by way of the internal auditory meatus or the aqmeduetus
cochlea?, and the pathological changes vary according to the route
selected. In the case of the aquajductus cochleae, the labyrinth
disease is found chiefly in the basal turn of the cochlea, while the
vestibule escapes wholly or partially. When, on the other hand,
the infection has passed along the nerve-canals, both cochlea and
vestibule are equally diseased. This difference, readily deter-
mined in early cases, is naturally less marked when the disease
has been protracted.

When the labyrinth is attacked from the tympanic side the
pyogenie organisms must traverse anatomical barriers ; in other
words, contrasting with invasion from the meninges, the route they
take is pathological. The favourite sites for such pathological
breaches of the outer wall of the labyrinth are the fenestne and
the external semicircular canal.

The author found that the round window was penetrated more
frequently than is generally supposed, and this he ascribes to the
tendency for pus to stagnate and for granulations to form in its
niche. Further, he did not find erosion of the external semi-
circular canal to be as common as it is held to be, and he
reminds us of Kummel's opinion that canalicular erosions,
though undoubtedly frequent, do not often lead to infection of
the labyrinth.

Considerable difference of opinion exists among different
observers respecting the influence of the acute or chronic middle-
ear disease upon the route selected by the infecting organisms.
Some hold that the fenestraj are preferred in acute cases, while
others believe that the fenestraj are preferred in chronic disease,
and so on. From his own experience and reading all that the
author is able to say is as follows: In tuberculous middle-ear
disease there is no regularity. In simple suppuration of the antro-
tympanic cavity the posterior parts of the middle ear, together
with the wall of the aditus, prove to be the most vulnerable
because of the tendency of pus to collect in this neighbourhood.
Cholesteatoma readily leads to erosion of the external semicircular
canal because of the confined space in the aditus. Other sites of
invasion are rare. The most usual place is in the region of the
fenestras, and it is here that the breach should be sought for in
acute labyrinthitis.

Apart from gross destruction of the outer walls, it is possible
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for the labyrinth to become infected wo. the blood-vessels, although

the existence of any anastomosis between the vessels of the middle

ear and those of the labyrinth has been questioned.

There is a third method by which a labyrinth may become

diseased in suppuration of the middle ear, namely, in the process

variously known as collateral or induced labyrinthitis, labyrinth

irritation, or labijrinthitis serosa, or sero-fibrinosa, diffusa. The

'•' author corroborates Nager's description of the condition. It seems

to be essentially a collateral oedema of the labyrinth spaces

characterised by an increase in the bulk of the labyrinth fluid

contents and by the presence of albuminous coagula, and leading

to characteristic changes in the situation of the membranous

saccules and walls. Induced labyrinthitis may exist without any

obvious breach in the outer wall of the labyrinth, but in some of

the reported cases the changes in the wall, usually in the region

of the fenestras, were so considerable that a breach must have

been imminent. These changes consisted in infiltration, thickening,

and partial disintegration of the membranes of the fenestne, and

they were accompanied by collections of pus-cells on the inner

aspect of the fenestra3. Inflammatory reaction within the laby-

rinth similar to that due to middle-ear disease is seen in meningeal

labyrinthitis when the infection has entered the peri-lymphatic

spaces, but has not yet penetrated the endo-lyrnphatic spaces. At

this stage the latter show albuminous coagula, fibrinous deposits,

desquamation of epithelium, and displacements from increase in

the fluids of the labyrinth, just as in the serous labyrinthitis

collateral to middle-ear suppuration.

Multiple breaches in the labyrinth wall are not uncommon.

They occur oftenest in tuberculous, cholesteatomatous, and scarla-

tinal otitis media. One or more of these infractions may bo due

to infection within the labyrinth breaking out again, and it is even

possible to distinguish between the ports of entry and the ports of

exit.
I tt 2*

•']« Histological Change* at the Breach.—At the fenestrae the soft

structures become cedematous and are infiltrated with cells. In

the foramen ovale the annular ligament may be seen to be studded

ji-jMj with little ticks of pus. Displacement of the foot-plate of the

I1];'"™ stapes inward or outward is by no means rare, and when healing

|! u • takes place the dislocation persists and may constitute the only

»"l evidence of the invasion that took place at this spot.

ij.a|, Almost all observers have noticed that the most powerful

JjUlSSj obstacle to the propagation of infection is not the bone but the

: • • *
i , .*•••

t'l 4
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endosteum, that is, the internal periosteum of the capsule of the
labyrinth, which, indeed, behaves just as periosteum does in
similar circumstances elsewhere. Pus may be seen burrowing
between the endosteum and the bone, stripping the one from the
other without breaking1 into the membranous labyrinth.

The reaction of the soft tissues of the labvrinth takes the form
!

of a, plastic exudation, and is always present save at times in tuber- I
culosis. As soon as the inflammation reaches the endosteum j
granulation-tissue forms on the outer surface of that membrane.
These changes are most clearly seen in ineningeal cases in which
the labyrinth has become infected from the aquajductus cochlea3. i
Buds of granulation-tissue sprout up in the vicinity of the internal
aperture of the aqueduct and in a short time become transformed (

into connective tissue, which has a marked tendency to undergo i
ossification—processes which may eventually lead to a complete
closure of the aqueduct.

Extension of the Disease icitliin the Labyrinth .—The protective
mechanism just described suffices to preserve the rest of the laby-
rinth from the disease, and it appeal's in all cases save in the
extremely sluggish forms of invasion, tuberculosis, for example, :

and m the fulminating varieties such as follow operative trauma
of the wall of the labyrinth. In these cases the whole of the laby-
rinth is filled with purulent fluid, and there is little or no sign of
local reaction. I

i

Apart from trauma, general purulent labyrinthitis is very rare,
and fortunately so, because the routes leading to the meninges
remain open. Indeed, as a rule, the intra-labyrinthine defences
are successful in limiting the disease, so much so that sometimes . :

tlie shut-off spaces show no abnormality whatever. In most cases, ~ :

however, " collateral " labyrinthitis is evident in the sequestered
regions. :

Ruttin has attributed the defensive processes in the labyrinth ;

to the action of gravity confining the products of inflammation :

to the lowermost parts of the labyrinth, but, as the author points •
°ut, these inflammatory products are not composed simply of ;
hijuid pus, as freely moveable as "quicksilver in a Triton's conch." i

>v hat is much more likely is that the fine labyrinth canals are j
•soon filled up with granulation tissue which, as the meningeal j
cases show, turns into connective-tissue, with astonishing rapidity.
Unly in the very slow-going invasions with feeble reaction, as in ,
tuberculosis, or in conditions where the destructive agencies . J

their advance, as in cholesteatoma, or in the case of severe i
i
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infections which break down the walls at several points, is the
limitation of the inflammatory focus inside the labyrinth
imperfect.

Changes in the Shape of the Membranous Canals of the Labyrinth.
—The labyrinth spaces undergo alteration in shape as a result of
(a) an increase in the fluids of the labyrinth; (b) the direct
mechanical pressure exerted by collections of pus or fibre-plastic
exudation. (Edema sometimes distends the endolymphatic spaces
at the expense of the perilymphatic spaces and sometimes vi<r
versa. This alternation or variation is very difficult to account for.
It may be that the occasional pathological closure of the a.qine-
ductns cochlea* is responsible for the difference. At all events tie
other explanation, that the difference is due to an excessive secre-
tion from the stria vascularis, is one which cannot be proved. In
one case, in which meningeal infection travelled along the nerve
and in which the brunt of the disease fell equally upon all the
spaces of the labyrinth, a decided displacement was noticed of the
scala cochlea) as well as of the vestibular saccules—that is, of the
whole endo-lymphatic system. In two other cases, 011 the other
hand, in which the infection had passed through the aqujeductii.s
cochleae, a collapse of Reissner's membrane leading to almost
complete obliteration of the scala cochleas was found, together with
contraction of the saccules of the vestibule and great bulging of
the membrane of the round window into the tympanum. That is
to say, there were present in these cases all the signs of a decided
rise in perilymphatic pressure.

Changes in the bone are of the usual two kind.-,—proliferation
and destruction.

We have already seen that bony proliferation is an early effect
of the reactive processes in the endosteuin, and that it is present,
more or less, in all save fulminating or extremely sluggish cases.
The amount of proliferation varies from the earliest beginning of
ossification to the complete filling up of all the spaces of the
labyrinth with bone, as in a case of tuberculosis of the middle ear
examined by the author.

The distribution of the new bone in the labyrinth seems to
follow a kind of rule. In the cochlea, in conformity with the chief
site of inflammation, it is the basal whorl that shows the greatest
number of bony spicules. The semicircular canals, also, are often
quite filled up with bone. But the vestibule, on the other hand,
shows only a few proliferations, and obliteration of its spaces with
fibrous tissue is much more common.
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Destruction of the hone may occur as necrosis or in consequence
of rarefying osteitis.

The occurrence of necrosis is postulated by vascular conditions.
Though by no means uncommon it cannot occur unless the rich
blood-supply of the internal ear from the internal auditory artery.
the stylo-mastoid artery, the artery in the stioarcuate fossa, and
the vessels of the external periosteum of the petrous is seriously
interfered with, and this only occurs in the most intense varieties of
inflammation. Lange has drawn attention to a special form of
infarction of the labyrinth. In about one half of his cases he
found a subarachnoid abscess situated at the fundusof the internal
auditory meatus, where the fibres of the cochlear branch split up
and spread out. In this funnel-shaped space a relatively large
aliscess had formed, and had led to destruction of all the vessels
and nerves within its area. As a consequence necrosis of the
labyrinth had ensued. The prime necessity for necrosis is there-
fore occlusion of the internal auditory ar tery; and, as this does
net occur save as a consequence of labyrinthitis, Lange is correct
when he says that the cause of necrosis and sequestration of the
capsule of the labyrinth must be sought for first and foremost inside
the labyrinth itself. Before the whole of the labyrinth can undergo
necrosis, however, the other vessels must also be involved. This
may occur as a consequence of rarefying osteitis secondary to
severe middle-ear suppuration, the disease extending from the cells
of" the middle ear to the spongy bone which lies between the
capsule of the labyrinth and the external cortex. The rarefying
osteitis attacks also the outer layer of the capsule, and in this way
the capsule is isolated and dies. The rarefying process may,
moreover, originate in labyrinth suppuration just as readily as in
middle-ear suppuration.

There are thus two factors necessary for the production of
extensive necrosis of the labyrinth; first, suppuration of the
labyrinth in its severest form destroying the soft tissues; and
secondly, widespread rarefying osteitis,set up, like the labyriuthitis,
hy the suppuration in the middle ear and affecting the spongy bone
°f the petrous to begin with, and finally attacking the capsule of
tlio labyrinth itself.

Effects of Labyrinth Inflammation.—There are three termina-
tions possible. First is the restitutio ml inteyrum, the occurrence
°i which, save in the mildest forms of the so-called serous
labyrinthitis, is almost inconceivable, since it is difficult to imagine
how the less mild types in which fibrinous deposits and dilatation
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of the spaces occur can recede and leave the delicate nerve-
elements unimpaired.

Much more frequent is the second termination—that,namely, in
which the inflammatory exudate is transformed into fibrous tissue
and bone. (Cases illustrating this condition are detailed.) Even
the severer varieties of infection of the labyrinth, with the forma-
tion of pus in its spaces, may undergo natm-al cure in this way.
Indeed, it cannot be too often repeated that not even in the
severest forms of labyrinthitis are these healing processes absent,
and, what is still more important, that in the vast majority of cases
their protective action is effective. We shall know more about
the natural cure of purulent labyrinthitis when we have learned
the causes that lead to the occurrence of the third possible ending-
meningitis.

Meningitis : Routes of Infection.—In the front rank stands the
internal auditory meatus, the mode of propagation through which
has been demonstrated by Politzer. At the fundus of the meatus
an abscess forms, separated from the healthy nerve by an inflam-
matory zone, which sets a limit, for a time at all events, to the
inward spread of the disease. But when, as in the gravest cases,
this zone is passed, then the last barrier is penetrated and the
meninges lie defenceless before the invader. In like manner
the aquasductus cochleae or vestibuli may be selected as the avenue
of approach to the endo-cranium.

In addition to these recognised routes there are others. In
necrosis or in liyperacute inflammation of the soft parts of the
labyrinth, as we have already seen, a not uncommon sequel thereto
is an osteitis of the capsule. The infection from the diseased bone
may reach to the surface of the petrous almost anywhere, but
more especially at the vertical semi-circular canal, and then
an extra-dural abscess forms, leading ultimately to meningitis.

As to the frequency with which meningitis is due to labyrinth
disease many of the recorded statistics are open to serious criticism,
since the following essentials in proving the connection between
the two events are frequently overlooked. Anatomical proof must
be forthcoming to show, first, that the labyrinth disease has been
set up by tympanic and not by meningeal inflammation; secondly;
that the intra-cranial complication is not the direct result of the
middle-ear disease; while thirdly, the route from the labyrinth to
the meninges must be clearly demonstrable.

The Question of Labyrinth Operation.—The exact value 01
operating on the labyrinth is not yet known to us, since we do not
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know what the results are of leaving the labyrinthitis to run its
own course. Many cases of spontaneous labyrinthitis get well of
their own accord. This is true not only of mild circumscribed
labyrinthitis, but also of the severer generalised forms of the
disease. There is a second consideration to be discussed in
estimating the value of operation, and that is that meningitis, for
the prevention of which the labyrinth has been opened, may
actually be induced by the operative manipulation disturbing
adhesions, etc. That this is no fanciful objection the author has
proved by the post-mortem examination of a case in which the
accident had actually happened.

Even when the labyrinth is accidentally wounded during the
performance of a mastoid operation, the effect may be so slight as
to be negligible. This is particularly true when the breach is a
small one, and is situated in the wall of one of the semicircular
canals.

With regard to the contention that surgical opening of the
labyrinth removes all disease and provides free drainage, the
author's investigations lead him to the belief that it is illusory.
in this connection it is instructive to compare the changes met
with in diseased labyrinths which have been operated upon, and
m those in which no operation has been performed. In the former
the labyrinth spaces will be found filled with blood-clot and bony
d'-Lrts'. For, in spite of the most assiduous curettage and removal
of all visible pieces of bone, etc., small microscopic particles are
lelt behind, which must, he thinks, render nugatory all efforts to
provide free drainage. As a result, the free discharge of pus is
hindered at the most important places, namely at the aqiuuductus
cochlea) and at the internal meatus. Indeed, the only possible
method of effecting the safe removal of all morbid material is by
Neumann's method of ablation of the labyrinth. Finally, he
adds that although in recent times labyrinth operations are less
ii'equent than they used to be, he has not seen a single case of
hite in which he could say that the omission of the operation had
I'-'u to the occurrence of meningitis.




